Abstract Azimuthal anisotropy, especially for the multi-strange hadrons, is expected to be sensitive to the dynamical evolution in the early stage of high energy nuclear collisions. In this paper we present the latest results of multi-strange hadron elliptic flow in Au + Au collisions at √ SNN = 200 GeV from the STAR experiment at RHIC. The number-of-quark scaling is evidenced with φ(ss) and Ω(sss) with highly statistical data, which shows strange quark collectivity at RHIC. The ν2 of φ meson is found to be consistent with that of proton within statistical error bars at pT < 1 GeV/c.
Introduction
The elliptic flow describes the azimuthal momentum space anisotropy of particle emission from noncentral heavy-ion collisions in the plane transverse to the beam direction. It can be characterized by the second harmonic coefficient (ν 2 ) of a Fourier decomposition of azimuthal momentum distribution of final state hadrons with respect to the reaction plane [1, 2] , ν 2 =< cos2(φ − ψ R ) >, where φ is the azimuthal angle of a produced particle in the laboratory frame, ψ R is the reaction plane angle (for the details of ψ R estimation from experimental data, see Ref. [2] , and brackets denote the arithmetic average over all interested particles in corresponding events. Elliptic flow originates in the spatial anisotropy of the system when it is created in a noncentral collision and in interactions in the evolving system which convert the spatial anisotropy to momentum anisotropy. This anisotropy is driven by the azimuthal dependent pressure gradient developed from the rescatterings. It is especially sensitive to the degree of thermalization of the system at early time. From model calculations, the strength of elliptic flow also depends on the equation of state, degree of freedom, and transport coefficients of the system [3∼6] . Previous measurements of ν 2 for light hadrons [7, 8] have shown the scaling behavior by number of constituent quarks at intermediate p T range (2 < p T < 5 GeV/c), which is consistent with the calculations from quark recombination models [9∼11] . The ν 2 of multi-strange hadrons, such as φ mesons, Ξ and Ω baryons, are also consistent with the recombination pictures, whereas statistical uncertainties are large for definitive conclusions [12, 13] . The multi-strange hadrons ν 2 are of special interest because the final state hadronic recatterings and feed-downs from resonance decays contribute much less to their elliptic flow than to light hadrons [14, 15] . If there is Quark Gluon Plasma (QGP) created during the collisions, the elliptic flow of multi-strange hadrons would reflect the dynamics of partonic stage. Therefore the measurement of multi-strange hadron elliptic flow provides important information on the partonic collectivity. Furthermore, the comparisons between the ν 2 of strange and nonstrange particles also provide information of final-state hadronic dissipative effects on measured elliptic flow of non-strange particles [16] . We report here the results on elliptic flow of multi-strange hadrons (φ, Ξ and Ω) in √ S NN = 200 GeV Au + Au collisions at Relativistic Heavy Ion Collider (RHIC) with high-statistics data collected from STAR detector in Run 7 (year 2007).
Experimental setup and data analysis
About 63 M Au+Au collisional events collected by the minimum bias trigger are used in this analysis. STAR's Time Projection Chamber (TPC) [17] is used as the main detector for particle identification and event plane determination. The events are required to have a primary Z vertex (along beam direction) within 30 cm of the center of the TPC, to ensure nearly uniform detector acceptance. The collision centrality is deter-mined by the measured raw charged hadron multiplicity within a pseudorapidity window |η| ≤ 0.5 from the TPC. Since the azimuth of event-by-event reaction plane is unknown, we used event plane method to estimate the true reaction plane (event plane) experimentally [2] . This has a finite resolution due to the limited number of particles available in each event and the different event-by-event ν 2 . The event plane resolution is used to correct the observed ν obs 2 to obtain the final ν 2 value.
The multi-strange hadron signals are obtained from the invariant mass distribution reconstructed by their hadronic decay channels:
, and π ± , K ± , p(p) can be identified from TPC. Detailed descriptions on analysis cuts about geometry, kinematics as well as particle identification with specific energy loss (dE/dx) can be found in Refs. [13, 18, 19] . low (p T < 2 GeV/c), and tends to saturate at intermediate p T (2.5 < p T < 5 GeV/c). The ν 2 is larger in more peripheral collisions (40%∼80% for φ, Ξ, and 20%∼80% for Ω) due to the larger initial collisional geometrical asymmetry in these collisions. This suggests strong interactions in the initial state which convert the space anisotropy to momentum anisotropy even in peripheral Au+Au collisions. 
Results and discussions
, due to the effect of radial flow. This is expected from ideal hydrodynamics. Recently, HIRANO et al. [16] studied the dynamical origins of the observed mass ordering of ν 2 (p T ) for identified hadrons, focusing on dissipative effects during the late hadronic stage by coupling the ideal hydrodynamics to a hadronic cascade. Within their approach, they find that, at RHIC energies, much of the finally observed mass splitting is generated during the hadronic stage, due to buildup of additional radial flow. The φ meson, having a small interaction cross section, does not fully participate in this additional flow. As a result, it violates the mass-ordering pattern for ν 2 (p T ) that is observed for other hadron species. They have predicted that φ meson ν 2 at low p T is larger instead of smaller due to mass ordering than that of proton for Au+Au collisions at impact parameter b = 7.2 fm (approximately comparable to 20%∼30% centrality). Their prediction of the violation of mass scaling for φ meson crucially depends on the reduced hadronic rescattering cross section of φ meson, thus presents an important test of this widely accepted assumption. In the bottom panel of Fig. 2 , we plot the ratio
is consistent with 1 within statistical errors for p T < 1 GeV/c. Comparison of φ meson ν 2 to proton ν 2 in a better precision is useful for understanding the effect of hadronic stage. In Fig. 3 we test the number of quark scaling for multi-strange hadrons with high statistics Run 7 data. One can see that the scaling holds up to p T /n q ∼ 1.5 GeV/c or (m T − m 0 )/n q ∼ 1.2 GeV/c (>99% of produced particles). This number of quark scaling is consistent with calculations from quark recombination models [9∼11] , which employs a hadron formation are 0%∼80% for STAR data and 0%∼92% for PHENIX data [20] . Errors are statistical only (color online)
Summary and conclusions
In summary, we have presented the latest results of multi-strange hadron elliptic flow in Au + Au collisions at √ S NN = 200 GeV from the STAR experiment at RHIC. The multi-strange hadron ν 2 increases with initial geometry anisotropy of the collision system. This suggests strong interactions in the initial state which convert the space anisotropy to momentum anisotropy. The number-of-quark scaling is evidenced with φ(ss) and Ω(sss) with highly statistical data, which shows s(s) quarks collectivity at RHIC. The ν 2 of φ meson is consistent with that of proton within statistical error bars at p T < 1 GeV/c. Comparison of φ meson ν 2 to proton ν 2 in a better precision is crucial to test the violation of mass ordering for φ meson and for understanding the effect of hadronic stage. This seems feasible by using Barrel Time-Of-Flight detector installed in 2010 RHIC run at STAR.
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